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ABSTRACT 

Acetylsalicylic acid (ASA) was administered orall as a single dose to 7 healthy male 
volunteers as plain or enteric-coated (Entrophen ) tablets using a crossover design. 
Blood and urine samples were collected and analysed for ASA metabolites by high 
performance liquid chromatography. Labile and stable glucuronide conjugates of 
salicylic acid (SA) were measured in urine after differential hydrolysis with 
glucuronidase. Plasma kinetic parameters for the ASA metabolites SA and salicyluric 
acid were not different for the 2 formulations, apart from the delayed appearance after 
the enteric-coated tablets. Total urinary recovery, and recovery of salicyluric acid and 
the two S A  glucuronides were not different, thus confirming the equivalent 
bioavailability and metabolite profile of the 2 ASA formulations. 

KEY WORDS Acetylsalicylic acid Salicyluric acid Salicylic acid Glucuronides Absorption 

ll 

Excretion 

INTRODUCTION 

Acetylsalicylic acid (ASA) is an old drug which continues to be widely used in 
the therapy of rheumatic diseases, as an analgesic, and more recently as an 
anti-platelet agent.' Enteric-coated preparations of ASA have been 
promoted as being less liable to produce gastric and duodenal ulceration,2 and 
to produce smoother plasma concentration vs time curves enabling less 
frequent dosing.' Ali et al. have demonstrated a delayed rise in plasma ASA 
and salicylate levels after ingestion of enteric-coated ASA  tablet^.^ The 
bioavailability of these preparations has been reported to be lower, and more 
variable than with plain ASA tablets5 although more recent reports show 
improved bioavailability for enteric-coated tablets.'.' Many determinations of 
bioavailability have used acid hydrolysis in order to convert most urinary 
metabolites back to salicylic acid." We have used a novel method of 
differential glucuronidase incubation to provide detailed analysis of urinary 
glucuronide metabolite excretion patterns. This method has been used to 
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assess the overall bioavailability and metabolite production after plain and 
enteric-coated (EntrophenR) ASA tablets. 

MATERIALS AND METHODS 

Seven healthy male volunteers aged 23-38 years gave informed consent to 
participate, and were free of any drugs for 2 weeks prior to any study period. 
In a fasting state, 3 x 300 mg plain uncoated ASA tablets (ICN Canada Ltd), 
were administered with 250 ml of water. Blood samples were drawn at 0, 
0.25, 0.5, 0.75, 1, 2, 4, 6, 8, 10 and 12 hours through an indwelling 
intravenous cannula which was kept patent by a heparin in saline lock (10 
I.U./ml) and at 24 hours by venipuncture. After the first 2 hours, subjects 
were allowed to eat, and move about freely. Urine was collected for 72 hours. 
Plasma and urine samples were frozen for later analysis. This procedure was 
repeated after a washout period of at least 2 weeks, using 3 x 325 mg 
enteric-coated ASA tablets (EntrophenR, Frosst). This series included a 14 
hour blood sample. 

Blood and urine samples were analysed by a sensitive high pressure liquid 
chromatographic assay capable of detecting salicylic acid (SA) and its 
metabolites salicyluric (SUA) and gentisic acids (GA).8 Labile (acyl) and 
stable (phenolic) salicylate glucuronide conjugates are known to be produced 
in man.' Incubation of urine samples at 37" with an equal volume of a 
bacterial glucuronidase solution (beta-glucuronidase, Sigma) at a final 
concentration of 50 Uiml in sodium phosphate buffer pH 6.8, produced a 
reproducible increase in the SA concentration maximal after 1 hour and 
without further increase up to 24 hours exposure (labile conjugate). A further 
release of SA was achieved by incubation of urine at 37" with high 
concentrations of glucuronidase (500 U/ml) which was maximal at 8 hours and 
without further increase up to 24 hours exposure (stable conjugate). 
Therefore, a 2 hour incubation with low concentration glucuronidase (50 
U/ml) and a 12 hour incubation with high concentration glucuronidase (500 
Ulml) were adopted to produce differential hydrolysis of SA glucuronides 
into labile and stable pools. Hydrolysis of SUA did not occur under these 
conditions. The labile glucuronide pool was identical to that released by 
dilute alkaline hydrolysis (1 part 4 N NaOH and 5 parts urine) at room 
temperature for 1 hour or prolonged incubation at 37" without alkali. The 
labile and stable pool of SA glucuronides are similar in amounts to that 
reported by Levy et al. , ' ( I  and are presumed to represent the acyl and phenolic 
glucuronides respectiveiy . 

DATA ANALYSIS 

Values for the plasma concentrations after enteric-coated ASA were 
corrected to a 900 mg dose and all data are reported k standard error. 
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Differences were assessed by analysis of variance. The minimum level for a 
significant difference was accepted to be p = 0.05. Plasma clearance was 
calculated by dividing the dose by the area under the plasma concentration vs. 
time curve (AUC)." 
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RESULTS 

Figure 1 shows a representative plasma concentration versus time profile of 
SA for both the plain and enteric-coated tablets obtained in one volunteer. 
Table 1 presents the mean plasma pharmacokinetic parameters obtained in all 
subjects for ASA metabolites after ingestion of the plain or enteric-coated 
tablets. Apart from a delayed appearance of SA and SUA and a modest 
reduction in peak plasma SA concentration after the enteric-coated 
formulation, the values are similar. 

TIME (hr) 

Figure 1. Plasma salicylic acid concentration versus time curves after ingestion of plain or 
enteric-coated (EntrophenR) ASA tablets. The data are from one representative volunteer 

Table 2 presents the results of the urinary excretion of ASA metabolites 
from our subjects. Recovery of all metabolites was somewhat lower after the 
enteric-coated ASA tablets. However, these differences were statistically 
significant only with respect to SA. Salicylate glucuronides formed about 10 
per cent of the recovered metabolites. The resistant glucuronide (phenolic) 
comprised somewhat more of this total than the labile (acyl) conjugate. 
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Table 1. Plasma kinetic parameters for salicylic acid (SA) and saiicyluric acid (SUA) 
after ingestion of plain or enteric-coated ASA tablets. Data are presented as means 
f S.E. Data after ingestion of the enteric-coated formulation are adjusted to a 

900 mg dose 

Plain ASA Enteric-coated significance 
ASA 

Peak plasma SA 

Time to peak SA 

A U C  for SA (mg.h/L) 
(0-24 hours) 400 f 32 327 k 42 N.S.  
Plasma clearance 
of SA (Llh) 1-82 i 0.21 2-49 F 0.52 N.S. 
Peak plasma SUA 
concentration (mg/L) 2.0 ? 0.1 2.0 k 0.2 N.S. 
Time to  peak SUA 

concentration (mg/L) 50.6 f 4.4 42.3 k 8.8 p < 0.05 

concentration (hours) 2.6 f 0.4 8.9 k 1.0 p < 0.001 

concentration (hours) 3.4 f 0.3 8.3 * 1.0 p < 0.01 

Table 2 .  Urinary recovery of ASA metabolites after ingestion of plain or 
enteric-coated tablets; expressed as a percentage of the administered dose. Data are 

presented as means f S.E.  

Plain ASA Enteric-coated Significance 
ASA 

(5% of dose) 

Salicyluric acid 77.9 f 12.7 71-0 t 14.3 N.S. 
Salicylic acid 9.4 f 3.5 6.4 k 3.1 p < 0.05 
Labile (acyl) 
salicylate glucuronide 3.9 f 1.6 2.9 k 1.3 N.S. 
Resistant (phenolic) 
salicylate glucuronide 6.9 f 2.0 4.7 ? 2.0 N.S. 
TOTAL 98.1 k 12.9 84.9 k 18.0 N.S. 

However there was no significant difference in excretion pattern due to tablet 
formulation. 

Gentisic acid could be detected in the urine, but at concentrations too low 
to quantitate accurately (estimated at <1 per cent of dose). 

DISCUSSION 

The differential glucuronidase method which we employed to determine SA 
glucuronide excretion was reproducible and results were comparable to 
previous reports. lo This method avoids strong acids or high temperatures 
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which nonselectively hydrolyse other SA metabolites and needlessly 
complicate quantitation of glucuronide conjugates.' As expected, we have 
demonstrated a delay in appearance and time to peak serum salicylate levels 
after enteric-coated as compared with plain ASA tablets. The peak plasma 
levels achieved were only about 20 per cent lower after the coated tablets, but 
the area under the serum concentration time curve for SA was not different, 
which suggests equivalent bioavailability. The urinary data confirm the 
excellenl bioavailability of the plain ASA tablets, and extends this property to 
the enteric-coated tablets which we studied (EntrophenR). The delayed 
appearance of SA in the serum and good bioavailability would confirm the 
suitability of this dosage form in the treatment of rheumatic diseases. Indeed, 
twice daily dosing would be practical using this formulation,12.13 thus 
eliminating one argument in favour of the newer, more expensive and less 
well studied non-steroidal anti-inflammatory agents. 
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